Neurodegeneration induced by abnormal hyperphosphorylation and aggregation of the microtubule-associated protein tau defines neurodegenerative tauopathies. Destabilization of microtubules by loss of tau function and filament formation by toxic gain of function are two mechanisms suggested for how abnormal tau triggers neuronal loss. Recent experiments in kinesin-1 deficient mice suggested that axonal transport defects can initiate biochemical changes that induce activation of axonal stress kinase pathways leading to abnormal tau hyperphosphorylation. Here we show using Drosophila and mouse models of tauopathies that reductions in axonal transport can exacerbate human tau protein hyperphosphorylation, formation of insoluble aggregates and tau-dependent neurodegeneration. Together with previous work, our results suggest that non-lethal reductions in axonal transport, and perhaps other types of minor axonal stress, are sufficient to induce and/or accelerate abnormal tau behavior characteristic of Alzheimer's disease and other neurodegenerative tauopathies.
INTRODUCTION
Neurodegenerative tauopathies are a group of neuronal disorders characterized by abnormal hyperphosphorylation and accumulation of the microtubule-associated tau protein into intracellular insoluble inclusions called neurofibrillary tangles (NFTs) (1 -3) . Tau abnormalities in Alzheimer's disease (AD), frontotemporal dementias (FTDs) and other tau linked diseases are accompanied by synaptic failure, transport defects, protein aggregation and neuronal loss (4 -7) . The discovery of mutations in the human gene encoding tau protein established that dysfunction of tau by itself can cause neurodegeneration and dementia (8) (9) (10) . While tauopathies differ in cell type and brain region affected, the hyperphosphorylation of tau by diverse kinases appears to cause microtubule destabilization and formation of filament pathologies (11) (12) (13) (14) . Loss and toxic gain of tau function are suggested to impair axonal transport mechanisms causing disease (4, 15, 16) .
Tau protein has long been thought to play key roles in axonal transport, which is essential in long polarized neurons for delivery of proteins, vesicles and organelles to support synaptic function (16) . Molecular motors such as kinesin and dynein transport cargos along microtubules in the anterograde and retrograde direction, respectively. Tau overexpression can impair the axonal localization of vesicles and proteins by inhibiting kinesin-dependent transport (17) . In vitro experiments suggested that the amount of tau associated with microtubules can differentially modulate kinesin and dynein activities (18) . Moreover, tau phosphorylation can regulate its association with motor machinery suggesting that signaling deregulation events can lead to tau mislocalization (19) .
Both the somatodendritic and axonal accumulation of tau are closely associated with axonopathies in tau diseases (5) . Expression of human wild-type and mutant tau in Drosophila causes neurodegeneration in the absence of tau filaments, suggesting that tau overexpression alone can induce neuronal death (20, 21) . The transgenic expression of human mutant tau protein P301L, found in some types of FTDP-17, recapitulates in mouse a number of disease phenotypes such as the formation of NFTs (22, 23) . Moreover, abnormal neuronal tau localization and aggregation in transgenic mice have been suggested to be caused by retarded transport of the P301L tau protein (24) .
Motor protein mutations can also give rise to different types of neurodegenerative diseases that exhibit axonal cargo accumulation in swellings and axonopathies (16) . Neuronal tracing in living mice carrying a deletion of the kinesin light chain 1 (KLC12/2) motor subunit revealed delayed axonal transport rates (25) . Interestingly, recent experiments in KLC12/2 mice suggested that early and selective transport defects can activate c-Jun N-terminal stress kinase (JNK) pathways that initiate abnormal hyperphosphorylation of tau in the absence of Ab toxicity (26) . These experiments did not, however, reveal whether transport reduction can exacerbate the progression of the inherently pathogenic human tau abnormal hyperphosphorylation or aggregation in tauopathies. Because mouse tau protein cannot form classic tau filaments or NFTs, here we tested whether kinesin-1 transport reduction can enhance abnormal tau phenotypes that are typical of human tau protein. Therefore, we induced KLC reductions in Drosophila and mouse overexpressing human wild-type or mutated tau protein to test for exacerbation of tau aggregation and neurodegeneration in animal models of tauopathies.
RESULTS

Elevated human tau accumulation, hyperphosphorylation and tau-mediated neurotoxicity induced by KLC reduction in Drosophila
Neuronal expression of human wild-type (tau wt ) or mutant tau (tau R406W ) in Drosophila causes some features of human tauopathies including accumulation of abnormal tau, progressive neurodegeneration and early death, but without NFTs (20) . To test whether reduction in axonal transport can enhance these phenotypes in a Drosophila tauopathy model, we combined a genetic reduction of the kinesin light chain (KLC) subunit of kinesin-1 with expression of human tau wt or tau R406W . Consistent with previous reports (27) , we found that neuron-specific expression of either tau wt or tau R406W using the Appl/ Gal4-UAS system in Drosophila larvae induced substantial axonal vesicle accumulations ( Fig. 1A and B (Fig. 1D and E) . Interestingly, in these flies, we also observed significantly more activated JNK (p-JNK, 1.7-2-fold) together with observed tau accumulation (Fig. 1E) . In control experiments, tau overexpression in a different genetic background with wild-type amounts of KLC (tau wt / B3 or tau R406W /B3) showed no increase in p-JNK and had similar phosphorylated tau levels compared with tau wt or tau R406W (Supplementary Material, Fig. S2 ). Thus, reduction in kinesin-1-dependent axonal transport in Drosophila stimulates enhanced neuronal stress kinase activation and abnormal tau phosphorylation and stabilization leading to an increase in tau-mediated neurodegeneration, independent of NFTs.
Age-dependent tau hyperphosphorylation is enhanced by transport reduction in the hippocampus and spinal cord of tau P301L mice
The cell body accumulation of hyperphosphorylated tau is an abnormal phenotype observed in AD and other neurodegenerative tauopathies (3, 28, 29) . The transgenic expression of four repeat human tau harboring the P301L mutation under the prion promoter in mouse recapitulates the progressive cell body accumulation of tau phosphorylated at sites such as Ser 202 (CP13) (22, 29) . This early pathology is associated with the appearance of axonopathies in mice and is dependent on mutant protein amount (30, 31) . To test whether transport defects can exacerbate abnormal tau hyperphosphorylation in mice expressing one copy of the P301L tau mutation (tau P301L ), we reduced KLC1 protein by 50% (KLC1+/2). Tau P301L ;KLC1+/2 mice were born in the expected proportion and did not show changes in body weight. To characterize age-dependent pathologies in the brain, we performed immunohistochemical staining for phosphorylated tau (CP13) in hippocampal sections from tau P301L mice with or without reduction in KLC1 ( Fig. 2A and C) . As animals aged, comparison of mice with or without KLC1 reduction revealed differences in the amount of phosphorylated Ser 202 present in the dentate gyrus and the CA1 region of the hippocampus ( Fig. 2B and D) . Surprisingly, at 9 months of age, the dentate gyrus of tau P301L ;KLC1+/2 showed a significant increase in CP13 positive cell bodies compared with dentate gyrus of tau P301L ;KLC1+/+ mice (Fig. 2B) . Similarly, in CA1, tau P301L ;KLC1+/2 showed higher number of CP13 cell bodies compared with tau P301L ;KLC1+/+ at 9 months of age (Fig. 2D) . We observed an initial increase in the number of cells accumulating CP13 staining in the hippocampus followed by a significant decline at older time points for both genotypes. This result is similar to what was described in another comparable mouse model expressing the human P301L mutation under the Thy1.2 promoter (32). It is possible that neuronal cell loss at advanced ages causes the observed reduction in hippocampal Ser 202 phosphorylation and may also mask the differences between tau P301L ;KLC1+/+ and tau P301L ;KLC1+/2 at older time points ( is interesting that tau P301L ;KLC1+/2 always showed a qualitatively higher CP13 staining intensity compared with tau P301L; KLC1+/+, suggesting that elevated amounts of hyperphosphorylated tau accumulate within neurons with kinesin-1 transport reductions ( Fig. 2A and C) .
Because tau pathologies were prominently observed in the spinal cord of mouse tauopathy models such as tau P301L (22, 23) , we also performed immunohistochemical staining to compare CP13 staining in cervical spinal cord sections (Fig. 3A) . Stereological quantification of abnormal cell bodies in gray matter of the spinal cord revealed a progressive increase in tau pathology as animals aged with an increase for both tau P301L ;KLC1+/+ and tau P301L ;KLC1+/2. In the spinal cord, the regression fit for tau P301L ;KLC1+/2 revealed a higher rate of hyperphosphorylated tau accumulation compared with tau P301L ;KLC1+/+ (Fig. 3B) . Interestingly, the enhancement in CP13 accumulation in tau P301L ;KLC1+/2 compared with tau P301L ;KLC1+/+ was maintained at older time points (Fig. 3B ). These results suggest that kinesin-1 transport reduction enhances the progression and accumulation of hyperphosphorylated human tau within cell bodies of tau P301L transgenic mice. Age-dependent insoluble hyperphosphorylated tau accumulation is exacerbated by axonal transport reduction in the brain and spinal cord of mouse models of tauopathies Hyperphosphorylation leads to tau detachment from microtubules and aggregation of insoluble tau into pathological NFTs in cell bodies and dystrophic neurites (1). Insoluble aggregated tau evolves to form abnormal filaments that are associated with neurodegeneration, and has been suggested as a cause of impaired neuronal function by physically obstructing neurites (5) . Filamentous inclusions correlate with the appearance of insoluble tau proteins of 64 kDa or higher molecular weights in human AD and in neuronal tissue of tau P301L mice (22, 33) . Recent experiments analyzing KLC12/2 mutant mice suggested that transport defects can trigger abnormal tau phosphorylation and aggregation (26) . However, it was not determined whether transport defects can increase tau insolubility. Despite sequence similarities, endogenous tau in the mouse, unlike the human protein, has minimal tendency to form abnormal filaments or even classical NFTs (23, 34) . However, mice expressing tau P301L contain most of the features of human neurofibrillary pathology and, more importantly, also show significant neuronal loss in affected brain regions indicating that immunoreactive NFTs are closely linked to neurodegeneration (22, 35) .
To test whether transport reduction can exacerbate the accumulation of insoluble human tau, we performed sarkosyl extractions of cortex, brain stem and spinal cord at different ages in tau P301L tauopathy animals with and without KLC1 reduction. At 6 months of age, we found similar protein levels of total and hyperphosphorylated tau in brain cortex, brain stem and spinal cord when tau P301L ;KLC1+/+ homogenates were compared with tau P301L ;KLC1+/2 (Supplementary Material, Fig. S3 ). Cortex, brain stem and spinal cord tissue from tau P301L ;KLC1+/+ and tau P301L ;KLC1+/2 were fractionated into homogenate (H1), low salt extractable (S1) and sarkosyl-insoluble (P3) fractions. Equivalent amounts of total proteins were loaded for homogenates and soluble fractions; and equivalent volumes were loaded for insoluble fractions (33) . After sarkosyl extraction, similar total tau levels in H1, S1 and P3 brain stem fractions were observed for young tau P301L ;KLC1+/+ and tau P301L ;KLC1+/2 mice (Fig. 4A ). Hyperphosphorylated tau levels in H1, S1 and P3 sarkosyl fractions (Ser 202: CP13, and Ser 396/404: PHF1) at 6 months of age were also equivalent between tau P301L ;KLC1+/+ and tau P301L ;KLC1+/2 (Fig. 4A ). Tau proteins of 64 kDa molecular weight were enriched in insoluble fractions (P3) compared with lower tau species in both genotypes ( Fig. 4A and B) . However, enhanced age-dependent increases of the 64 kDa insoluble hyperphosphorylated tau were found in the brain stem of tau P301L mice with 50% reduction in KLC1 when compared with tau P301L mouse alone (Fig. 4A) . Integrated intensity quantification of the insoluble forms (P3) normalized to the amount of homogenate tau (H1) revealed a significant enhancement of insoluble tau in tau P301L ;KLC1+/2 compared with tau P301L ;KLC1+/+ at 12 months of age (Fig. 4B) . Interestingly, total and hyperphosphorylated tau levels in homogenates are similar in 12-month-old tissue in both genotypes, suggesting that in mice with transport defects more insoluble tau accumulates with age (Fig. 4B) . Aberrant insoluble tau enhancements in aged mice also correlate with increased activation of JNK in tau P301L ;KLC1+/2 (Fig. 4A) . Classical NFTs were observed after modified Gallyas silver staining in 12-month-old tau P301L ;KLC1+/+ and tau P301L ;KLC1+/2 brains (Supplementary Material, Fig. S4 ). ;KLC1+/2 (27) . Distribution of the average number is plotted. Boxes and bars correspond to SEM and STDEV, respectively. Mann-Whitney, non-parametric test; n ¼ 4, * P , 0.05.
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Human
Spinal cord analysis of the tau P301L mouse revealed primarily insoluble filamentous accumulations with significant spinal neuronal loss and progressive motor disturbance (22) . Similar to what we observed in the brain, KLC1 reduction in the spinal cord exacerbated the accumulation of insoluble tau in sarkosyl extractions performed at 12 months of age (Fig. 5A) . Comparable to the brain, age-dependent increases in 64 kDa insoluble hyperphosphorylated tau were observed and quantified in sarkosyl extractions from 12-month-old tau P301L ;KLC1+/2 compared with tau P301L ;KLC1+/2 spinal cords (Fig. 5B) . Taken together, these results suggest that with age, transport reduction can increase the pathological accumulation of insoluble hyperphosphorylated tau. Thus, transport defects can exacerbate tau-mediated neurodegeneration, a key process in the progression of many neurodegenerative tauopathies.
DISCUSSION
Abnormal tau hyperphosphorylation is an early and critical event in the pathogenesis of AD and other tauopathies as it may converge on impaired microtubule stability and/or aggregated filamentous species. Both phenomena may impair axonal transport (36) . In AD, APP mutations and overexpression can cause transport defects that are independent of amyloid toxicity (37, 38) . Moreover, impairing the transport machinery can exacerbate AD-related pathologies, such as early axonopathies and amyloid deposition (39) . The recent suggestion that transport defects can initiate biochemical events leading to abnormal tau behavior via JNK pathway activation (26) is also supported by the current study. A reduction in kinesin-1 anterograde motor function can exacerbate abnormal behavior of human tau in animal models of tauopathies. These results suggest that pathological cellular mechanisms that may initiate sporadic neurodegenerative tauopathies might also be enhanced by reduced rates of axonal transport. Moreover, transport reduction may also exacerbate the pathological accumulation, insoluble aggregation and neurodegeneration observed during the progression of tauopathies.
Different animal models of tauopathies have been instrumental in understanding the biochemical changes that occur in disease (23, 40) . Our and others experiments in Drosophila ;KLC1+/2 (black). Regression line was plotted using average number. Boxes and bars correspond to SEM and STDEV, respectively. Mann-Whitney, non-parametric test; n ¼ 4, * P , 0.05). transgenic animals suggest that transport impairments can exacerbate taudependent loss of function phenotypes. One interesting possibility is that elevated neuronal microtubule destabilization may underlie the enhanced mortality observed in our Drosophila survival analyses. In addition, tau P301L overexpression in mouse neurons recapitulates the generation of human neurofibrillary pathology such as insoluble tau deposits (22, 32, 41) . Our sarkosyl extractions from tau P301L tissue with KLC1 reductions revealed increased age-dependent deposition of pathological tau enriched in 64 kDa insoluble forms associated with abnormal filaments (33) . Taken together, these data suggest that kinesin-1 axonal transport defects enhance tau pathological gain and loss of function leading to increased neurodegeneration.
Strong immunoreactivity for p-JNK has been observed in neurons containing hyperphosphorylated tau, as well as in dystrophic neurites of senile plaques in AD (26, 42, 43) . Local JNK activation can influence tubulin assembly by modifying the affinity between tau and microtubules (44, 45) . This deregulation in the stress kinase pathway observed as p-JNK deposits precedes the formation of tau inclusions (46, 47) . Axonal injury or damage also induces the rapid phosphorylation of JNK and this process might be related to the initiation of retrograde damage signals traveling back to the cell body (48, 49) . In addition, activated JNK may stimulate retrograde transportdependent signaling by direct phosphorylation of motor proteins (50, 51) . However, the molecular mechanisms that induce the initial stress kinase response in AD remain elusive. We recently suggested that early kinesin-1 transport defects can initiate the activation of different JNK isoforms (26) . We now show that kinesin-1 transport impairments by KLC1 reduction can activate kinase pathways and enhance the hyperphosphorylation and insoluble aggregation of human wild-type and mutated tau. In the adult Drosophila brain, reducing KLC led to increased JNK activity together with tau stabilization and hyperphosphorylation. KLC1 reduction in tau P301L mice enhances both p46 and p54 JNK phosphorylation suggesting that kinase pathways leading to elevated neurodegeneration can be exacerbated through impaired transport mechanisms.
In AD, axonal transport impairments have been implicated in the accumulation of synaptic defects and tangle pathology, which appears to commence distally and then spread retrogradely to the perikaryon (6, 52) . Tau overexpression may contribute to these defects by inhibiting anterograde transport along microtubules and impairing the synaptic delivery of vesicles and organelles (17, 53) . Mechanistically, changes in the amount of tau associated with microtubules might regulate the axonal transport machinery by exerting differential modulation of kinesin and dynein motility (18, 54) . However, it has been suggested recently that tau filaments rather than monomers may impair kinesin-dependent fast axonal transport by stimulating signaling pathways in disease (15) . Alternatively, tau transport may also depend on molecular motors and tau phosphorylation states might regulate tau transport by differential interaction with the KLC1 subunit (19) . Our finding of increased axonal aggregation and cell body accumulation of tau in Drosophila and mice suggest that tau transport might also be impaired after reducing the KLC1 motor subunit. By inducing kinesin-1 transport defects in tau models, we have enhanced a degeneration loop by selective stress kinase activation inducing higher tau phosphorylation but also by impairing kinesin-1-dependent tau movement.
Based on our results, it seems likely that cellular pathways that impair transport may increase the development of hyperphosphorylation and neurofibrillary pathology, inevitably leading to exacerbation of neurodegeneration. Based on the lack of neurodegeneration in APP and PSAPP mouse models (55 -57) , it seems likely that amyloid deposition does not lead to neuronal cell death in AD, and neurodegeneration requires a secondary or alternative process. This observation ;KLC1+/2 normalized ratios of insoluble to homogenate (P3/H1) for total tau (blue), PHF1 (red) and CP13 (green) at 6-and 12-month-old mice. tau P301L ;KLC1+/+ levels were considered as 1. White line, boxes and bars correspond to average, SEM and STDEV, respectively. Mann-Whitney, non-parametric test; n ¼ 6, * P , 0.05).
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is consistent with studies describing no correlation between amyloid deposition and neuronal loss in AD (52) . However, it has been suggested that APP overexpression alone can impair kinesin-1-dependent transport (37, 39) , which could initiate kinase activation and lead to abnormal tau hyperphosphorylation and NFT development (26) . These two tau pathological characteristics have been closely correlated with neurodegeneration in AD (52) . Therefore, we suggest that axonal transport defects can initiate neurodegeneration and/ or exacerbate human tau-dependent disease pathways in AD and other neurodegenerative tauopathies.
MATERIALS AND METHODS
Drosophila
Human tau transgenic lines (20) carrying UAS driving tau wt or tau R406W were maintained as stocks at 258C. For IF experiments, the panneuronal driver ApplGal4 (27) 
Mice
JNPL3 males bearing two copies of the human tau P301L mutation driven by the prion promoter in a C57BL/6, DBA/ 2 strain were obtained from Taconic. Homozygous males were crossed to KLC1+/2 females in a pure C57BL/6J background to obtain the experimental cohort of tau P301L ;KLC1+/+ and tau P301L ;KLC1+/2 in a DBA/ C57BL mixed background. Genotyping was performed by two PCR amplification reactions, one for human tau gene using specific primers and the other for KLC1 wild-type and recombinant alleles (26) .
Antibodies
The following monoclonal antibodies were used: tubulin (Sigma); Drosophila syntaxin (Hybridoma bank), a-synuclein and JNK1/2 (BD biosciences). Polyclonal antibodies included: p-JNK (Cell Signaling). We also used the following anti-tau antibodies: TAU-5 (Biosource); tot-tau (Sigma); anti-p-tau: PHF1 and CP13 from P. Davies (Albert Einstein College of Medicine, NY, USA).
Drosophila experiments
Females bearing the genotype ApplGal4/+;UAS-tau wt or tau R406W were used for IF experiments. Briefly, larvae were dissected and probed with synaptotagmin (a kind gift from Hugo Bellen) and tau (a kind gift from Peter Davies) antibodies before images were taken on a BioRad confocal as described previously (37) . For westerns, each lane was loaded using 10 mg of protein obtained from 12 adults heads homogenized in the lysis buffer (10 mM Tris-HCl, pH 7.4, 0.8 M NaCl, 1 mM EGTA, 0.1% Triton X-100, protease and ;KLC1+/2 normalized ratios of insoluble to homogenate (P3/H1) for total tau (blue), PHF1 (red) and CP13 (green) at 6-and 12-month-old mice. tau P301L ;KLC1+/+ levels were normalized to 1. White line, boxes and bars correspond to average, SEM and STDEV, respectively. Mann-Whitney, non-parametric test; n ¼ 6, * P , 0.05).
phosphatase inhibitors) at 48C. Homogenates were centrifuged for 10 min at 10 000g at 48C and supernatants from this spin were quantified for protein concentration. Protein quantification in westerns was performed using fluorescent-labeled secondary antibodies as previously described (26) .
Brain and spinal cord dissection
At different ages, mice were transcardially perfused with 0.1 M Sorensen's phosphate buffer pH 7.2, dissected and flash frozen in dry ice for biochemistry. Tissues for immunohistochemistry were later fixed by immersion in 4% paraformaldehyde in Sorensen's buffer (4% PFA) (26) overnight at 48C, and cryopreserved in 20% sucrose/dH 2 O. Fifty micrometer sections from brain or spine were obtained using a Cryocut 1800 (Leica) at -198C (59).
Histology and immunohistochemistry
Prior to immunohistochemistry stainings (59), tissue was quenched with 0.6% hydrogen peroxide followed by blocking. Signal was enhanced using a biotinylated secondary antibody and streptavidin using ABC vectastain kit, followed by Novared or DAB developing kits (Vector Labotratories).
Stereology
Stereology measurements were obtained with a Zeiss Axioplan light microscope equipped with a Bioquant Nova image analysis system (Bioquant R&M Biometrics, Inc.). In brief, the number of cell bodies with obvious pathology was estimated using the optical dissector method, N¼SQ 2 (1/ssf)(1/ asf)(1/tsf) (60) . Random serial sections were analyzed using Bioquant. Criteria for profile counting required that staining exhibited positive CP13 cell body morphological features consistent with neurons. For spinal cord, all CP13 positive abnormal cell bodies in gray matter were counted.
Statistical analysis
Average, standard error of the mean (SEM) and standard deviation (STDEV) are plotted in the graphs. Asterisks indicate significance. For brain and spinal cord stereology, nonparametric statistical tests were used. As indicated, Student's t-test, one-way Kruskal-Wallis test or Mann -Whitney (two sample rank sum) test was used to analyze fluorescence intensity of secondary antibodies, CP13 cell bodies in the brain and spinal cord, and the integrated intensity of westerns. A population percentage distribution chi-square test was used to analyze progeny obtained from Drosophila crosses.
Protein quantification
Secondary fluorescent-labeled antibodies were used in westerns for quantification. SDS -PAGE protein gels were transferred to nitrocellulose, blocked and washes were performed in the absence of Tween detergent to decrease background. Secondary antibodies coupled to 800 and 700 nm infrared fluorophores were used in combination to detect levels of p-JNK and total JNK on the same membrane. Protein concentration curves were loaded and secondary antibodies used to define respective antibody affinities and the range of linear detection. An Odyssey imaging system (Li-Cor) was used to measure fluorescence intensity.
Sarkosyl soluble and insoluble extractions
Briefly, brain cortex, stem and spinal cord were harvested, weighted and homogenized using a teflon-glass homogenizer attached to a labo-stirrer (Yamato) in three volumes of the TBS buffer consisting of 25 mM Tris -HCl (pH 7.4), 150 mM NaCl, 1 mM EGTA, 1 mM EDTA, protease inhibitor cocktail (61) and phosphatase inhibitors (10 mM sodium fluoride, 1 mM sodium orthovanadate) (62, 63) . Homogenates were centrifuged for 15 min at 150 000g at 48C. Supernatants were collected as the soluble fraction and pellets were re-homogenized in three volumes of the Salt/Sucrose buffer consisting of 0.8 M NaCl, 10% sucrose, 10 mM Tris -HCl (pH 7.4), 1 mM EGTA, protease inhibitor cocktail, and phosphatase inhibitors and later centrifuged for 15 min at 150 000g at 48C. Supernatants from this spin were incubated with 1% N-laurylsarcosinate (sarkosyl) at 378C for 1 h with moderate shaking. Sarkosyl solution was centrifuged at 150 000g for 30 min at 48C, and sarkosyl-insoluble pellets resuspended in protein loading buffer by similar weight/volume ratio. Protein concentrations were determined and SDS-PAGE protein gels ran for western blot analysis. The same amount of protein was loaded in homogenates and soluble supernatant immunoblots, and sarkosyl-insoluble pellets were loaded using similar weight/volume ratio.
